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摘要 
  I 
摘要 
中医舌诊以其无创与便捷性在全世界引起广泛关注，通过综合分析舌象的生理及病理特
征得到诊断结果，然而传统的中医舌诊受限于医师的知识水平和主观意识，并受环境光线等
因素影响。数字化舌诊分析系统正是解决了这一问题，通过临床经验结合计算机图像处理技
术实现了舌诊的客观化、数字化及自动化，是舌诊信息化发展的主要方向。目前，数字化舌
诊分析系统为了得到高质量的舌象图像，多是在密闭、固定光源的标准环境下采集舌象图像。
然而，随着智能手机等移动设备的发展和普及，采用移动设备在开放环境下采集图像逐渐成
为一个新的研究方向。但随之而来的问题是，开放环境下的舌象分析容易受光照强弱和复杂
背景等因素的影响，因此，在进行舌象分析前，首先需检测并分割出图像中可供后续分析的
舌象。本文针对开放环境这一特点，提出了一种舌象检测与分割方法。 
 针对开放环境下的舌象检测与分割，本文的主要工作包含以下三部分： 
1.提出了一种改进的图像预处理方法，首先采用中值滤波去除噪点，平滑图像；然后对
图像进行颜色校正，在传统灰度世界颜色校正算法的基础上，调整算法的收敛值以符合舌象
图像三通道均值占比不同的特点，并将传统灰度世界算法的线性校正改为非线性校正的伽马
变换，避免了校正强度过大或过小；最后对图像进行亮度校正。 
2.在预处理图像的基础上，提出了一种新的舌象检测算法。该算法的思路是对图像进行
先分割再检测，提高检测速度的同时获取舌体基本轮廓。图像分割部分提出了通过结合最大
类间方差、色调阈值分割和 RGB 三色分量差值三种方法对图像进行二值化，并利用形态学的
“开”、“闭”运算平滑连通域、去除杂质，然后对三个结果图像作“并”操作得到最终分
割结果。检测部分则通过提取各个连通域的特征，训练随机森林分类器达到舌象检测的目的。 
3.在舌象检测的基础上，我们能够获得图像中舌体的基本轮廓与位置，因此，提出了一
种改进的梯度矢量流主动轮廓模型（GVF Snake）的舌象分割方法，对经过边缘强化后的舌体
区域进行进一步的细化分割，在提高计算速度的同时具有更高的分割精度。最后将分割结果
对比于传统的 Snake模型、GVF Snake模型和距离正则化水平集演化模型（DRLSE）。 
实验结果表明，本文提出的舌象检测与分割方法具有较好的鲁棒性，且有较好的检测与
分割结果，能够实现开放环境下的舌象检测与分割。 
关键词：舌象检测；舌象分割；开放环境 
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Abstract 
Tongue diagnosis is an important diagnostic method in the Traditional Chinese Medicine (TCM) 
which has caused widespread concern worldwide due to its noninvasive and convenience. 
Traditional tongue diagnosis depends a comprehensive analysis of the physiological and 
pathological characteristics of tongue body, which is subjected to the clinicians’ knowledge and 
experience, and influenced by environmental light and other factors. Fortunately, digital tongue 
diagnosis system based on the computer image processing technology is developed to solve this 
problem, which achieves the objectification, quantification and automation of tongue diagnosis, also 
improves the efficiency and utilization of tongue diagnosis. The digital tongue diagnosis system is 
the only way to develop modern tongue diagnosis. Currently, digital tongue diagnosis system 
mostly collect tongue image in a closed environment with a fixed lighting condition, in order to 
obtain high quality tongue images. However, with the development and popularization of mobile 
devices such as smart phones, the image acquisition using mobile devices in open environment has 
gradually become a new research direction. But the attendant problem is that the image acquitted in 
open environment is vulnerable to light intensity, complex background and other factors. Therefore, 
before the analysis, the detection and segmentation of tongue body from the image is needed. In this 
paper, a new method of tongue detection and segmentation is proposed for the open environment. 
For the image acquisition in open environment, the main work of this paper contains the 
following three parts: 
1．An improved image preprocessing method is proposed. Firstly, the median filter is performed 
on the image, in order to remove the noise and smooth the image. Then, a novel color correction 
method is propose, on the basis of the traditional gray color correction algorithm, the convergence 
value of the algorithm is adjusted to meet the characteristics of the tongue image that the average 
value of each channels has a different proportion, and the linear correction of the traditional gray 
world algorithm is changed to the nonlinear correction, specifically, gamma transformation is 
adopted, which avoids the intensity of resultant image too large or too small. Finally, the brightness 
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of image is corrected. The experimental results show that the method is effective and has practical 
value. 
2．On the basis of the preprocessing image, a new method of tongue detection is proposed. The 
idea of the algorithm is to split the image and then detect, which can improve the detection speed 
and meanwhile get the basic contour of the tongue body. For the former, the image is separately 
binarized by using OTSU, hue threshold and RGB component difference method, after binarization, 
the morphology operation is utilized to smooth the connection domain, and then perform “and” 
operation on the three results of binary image to get the final segmentation result. For the tongue 
detection approaches, we achieve the purpose of tongue detection by extracting the features of each 
connected domain and training random forest classifier. 
3．On the basis of tongue detection, we can get the basic contour and position of the tongue 
body. Therefore, an improved method of tongue image segmentation based on active contour model 
(ACM) is proposed. The improved gradient vector flow active contour model (GVF Snake) is 
utilized for the further segmentation, which is compared to the traditional Snake model, traditional 
GVF Snake model and the distance regularized level set evolution (DRLSE). 
The experimental results show that the tongue detection and segmentation method proposed in 
this paper effectively solves the problem of tongue detection and segmentation in open environment 
that has better robustness and accuracy. 
Key words: tongue detection; tongue segmentation; open environment 
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